Tissue inhibitor of metalloproteinases-1 induces a pro-tumourigenic increase of miR-210 in lung adenocarcinoma cells and their exosomes.
Tissue inhibitor of metalloproteinases-1 (TIMP-1) recently emerged as a pro-metastatic factor highly associated with poor prognosis in a number of cancers. This correlation seemed paradox as TIMP-1 is best described as an inhibitor of pro-tumourigenic matrix metalloproteinases. Only recently, TIMP-1 has been revealed as a signalling molecule that can regulate cancer progression independent of its inhibitory properties. In the present study, we demonstrate that an increase of both exogenous and endogenous TIMP-1 led to the upregulation of miR-210 in a CD63/PI3K/AKT/HIF-1-dependent pathway in lung adenocarcinoma cells. TIMP-1 induced P110/P85 PI3K-signalling and AKT phosphorylation. It also led to increase of HIF-1α protein levels positively correlating with HIF-1-regulated mRNA expression and upregulation of the microRNA miR-210. Downstream targets of miR-210, namely FGFRL1, E2F3, VMP-1, RAD52 and SDHD, were decreased in the presence of TIMP-1. Upon the overexpression of TIMP-1 in tumour cells, miR-210 was accumulated in exosomes in vitro and in vivo. These exosomes promoted tube formation activity in human umbilical vein endothelial cell (HUVECs), which was reflected in increased angiogenesis in A549L-derived tumour xenografts. Activation and elevation of PI3K, AKT, HIF-1A and miR-210 in tumours additionally confirmed our in vitro data. This new pro-tumourigenic signalling function of TIMP-1 may explain why elevated TIMP-1 levels in lung cancer patients are highly correlated with poor prognosis.